SUMMARY It has been suggested that the maximal amplitude of the pulmonary valve motion following atrial contraction (Amax) may be useful in the clinical evaluation of patients with valvular pulmonary stenosis. To evaluate the specificity and sensitivity of this measurement in children, we reviewed the echocardiograms of the pulmonary valve of 120 subjects: 57 normal individuals, 25 patients with secundum atrial septal defect and without pulmonary hypertension, and 32 patients with pulmonary stenosis proven at catheterisation (mild in 16 patients, moderate in nine, and severe in seven). Amax ranged from 0 to 12 mm in the normal subjects, and from 2 to 16 mm in those with atrial septal defect. In mild pulmonary stenosis, Amax ranged from 2 to 12 mm, in moderate pulmonary stenosis from 2 to 14 mm, and in severe pulmonary stenosis, from 3 to 12 mm. Though mean Amax was significantly larger in patients with moderate and severe pulmonary stenosis compared with normal subjects, there was much overlap between the two groups so that individual cases could not be identified correctly from this measurement. No significant difference was observed when comparing Amax values of patients with atrial septal defect and those of patients with pulmonary stenosis of various severity, nor were any observed between the pulmonary stenosis groups. These findings indicate that Amax is neither specific nor sensitive for the presence or severity of valvular pulmonary stenosis in children, and that it cannot be used to evaluate non-invasively the results of pulmonary valvotomy.
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Because of the position of the pulmonary valve in the chest and its plane of motion relative to the ultrasonic beam, the echocardiogram usually records only one posterior leaflet.' The "a" wave is that posterior deflection of the pulmonary valve echo which reflects the effect of atrial contraction on the pulmonary valve. This is confirmed by its temporal relation to the P wave of the electrocardiogram and its disappearance during atrial fibrillation. The amplitude of the "a" wave varies with respiration, increasing during inspiration, and its maimal amplitude is referred to as "Amax". In a study involving mostly adults,2 it has been suggested that in patients with valvular pulmonary stenosis the maximal posterior displacement of the pulmonary valve echo following atrial contraction was significantly increased above normal values, and that the severity of the stenosis could be (Fig. 1 ).2 When point "b" was clearly identifiable, the amplitude of the "a" wave was measured from the position of the pulmonary valve echo at the end of the P wave on the simultaneously recorded electrocardiogram to its most posterior position before or at point "b". Presystolic opening was considered to be present when the maximal posterior displacement of the pulmonary valve echo occurred after atrial contraction before ventricular contraction, so that point "b" could not be identified. In those cases, Amax was measured as the distance between the pulmonary valve echo at the end of the "P" wave and its position at the peak of the R or R' wave. The maximal amplitude of the posterior aortic wall motion after atrial systole (ao wave) was measured according to the method described by Pocosky and Shah.
PRESSURE MEASUREMENTS AND ANGIOGRAPHY
Cardiac catheterisation was performed under sedation with a mixture of pethidine hydrochloride (1 mg/0.45 kg) and promethazine hydrochloride (0.25 to 0.5 mg/0.45 kg). Right ventricular and main pulmonary artery pressures were measured through fluid-filled catheters. The pulmonary valve was evaluated angiographically in the left lateral projection after right ventricular injection of 1 ml/kg of Renographin 76.
Statistical analysis used Student's t test to compare the mean values of Amax of the different groups under study. Linear regression analysis was used to correlate Amax with the subjects' age and weight for each group, as well as to correlate the Qp/Qs and Amax values in patients with secundum atrial septal defect.
Results AMAX (Table) Normal In normal subjects, Amax ranged from 0 to 12 mm (mean 4.8 mm). Respiratory variation in the amplitude of the "a" wave was observed in all subjects, but in none did the pulmonary valve echo return to the baseline during quiet respiration (Fig. 1) . Complete presystolic opening of the valve was observed in 13 out of 57 normal subjects. Correlation between Amax and subjects' age or weight was poor, with r values of 0.03 and (-)0.04, respectively. Secundum atrial septal defect In the patients with secundum atrial septal defect, Amax ranged from 2 to 16 mm (mean 6.6 mm). After operation Amax ranged from 0 to 10 mm (mean 4.8 mm). Mean Amax was significantly greater than normal preoperatively (p<0 05) but not postoperatively. Complete presystolic opening of the pulmonary valve was frequently observed in these patients (Fig. 2) . The increased Amax values in patients with secundum atrial septal defect were not related to the magnitude of the pulmonary blood flow (r=0.37), nor to the patient's age (r=-0.10) or weight (r= -0. 12). 'r : . @ ; e * A _ J -_ w Fig. 3 Echocardiographic recording ofthe pulmonary valve in three patients with various degrees ofpulmonary stenosis. The tracing on the left was obtainedfrom a patient with mild pulmonary stenosis whose Amax was 9 mm. The tracing in the middle was obtained from a patient with moderate oulmonary stenosis; the Amax here is 8 mm. The tracing on the right was obtainedfrom a patient with severe pulmonary stenosis; Amax is 9 mm. amplitude of the "a" wave increased considerably, ranging from 8 to 13 mm (mean 10 mm) suggesting that the severity of the stenosis could be predicted from the Amax. Furthermore in normal subjects, the leaflet always returned to the baseline or closed position before the onset of ventricular systole at some time during quiet respiration. These observations have not been confirmed by others.6 7 Premature opening of the pulmonary valve has been described by Wann et Amax ranged from 0 to 12 mm in our normal subjects, giving a much wider range of normality compared with previous reported data. In our normal subjects, the pulmonary valve echo never returned to the baseline after atrial contraction during quiet respiration. Furthermore, complete presystolic opening of the valve was observed in 13 out of 57 normal subjects. These two observations might be explained by the fact that the PR interval is shorter in children than in adults. It has been suggested that the pulmonary "a" wave results from the presence of a pressure gradient at end-diastole between the right ventricle and the main pulmonary artery. Our observations suggest that such a gradient is of a greater magnitude in normal children than in adults, and that it is independent of the subject's age or weight. ATRIAL Pocoski and Shah5 have shown that the "a" dip on the pulmonary valve and depth of the "a" wave on the posterior aortic wall were significantly correlated. These authors proposed a dual mechanism for the production of the pulmonary "a" wave: the influence of left atrial volume changes in late diastole and the presence of a pressure gradient between the right ventricle and the main pulmonary artery. Our findings did not indicate such a correlation between the movement of the posterior aortic wall and the maximal amplitude of the pulmonary "a" wave, suggesting that the second mechanism is more important in the production of Amax in children.
CLINICAL IMPLICATIONS
These findings indicate that mean Amax is neither specific nor sensitive for the presence or severity of valvular pulmonary stenosis in children. In patients with echocardiographic signs of right ventricular volume overload, presystolic opening of the pulmonary valve does not suggest the presence of an associated valvular pulmonary stenosis. In patients who have undergone pulmonary valvotomy, Amax is a poor indicator of the surgical results.
